Abstract. Betulinic acid is a triterpene isolated from the bark of many plants that exhibits cytotoxicity in several cancer cell lines and is capable of inducing apoptosis. in this study, we examined the cytotoxic activity and apoptotic ability of betulinic acid in the drug-sensitive (MeWo) and drug-resistant melanoma MeWo ciS (cisplatin), MeWo eTo (etoposide), MeWo Vin (vinblastin) and MeWo FoTe (fotemusine) cell lines, as well as in the normal melanocyte nHeM-neo cell line. The results show that betulinic acid exhibited significant cytotoxicity on all the cell lines. However, a sulphorhodamine B cell proliferation assay and immunocytochemical analysis of Ki67 expression revealed the strongest cytotoxicity on the normal melanocyte cell line, nHeM-neo. Flow cytometry and immunocytochemical analysis of caspase 3 expression was used to confirm cell death by apoptosis. in conclusion, betulinic acid is a potential candidate for anticancer research, and may also have an application in the cosmetics industry.
Introduction
Melanoma is considered to be the most malignant type of skin cancer. over the last 50 years, the number of patients with this type of cancer increased 6-fold; however, the percentage of cases diagnosed during the early stages of the disease also increased significantly. In the US, the 5-year survival rate of patients diagnosed with melanoma during its early stages increased from 41% in 1940-1949 to 76% in 1973-1979 . This was likely due to a better understanding and recognition of the preliminary symptoms of this type of cancer. unfortunately, the only currently successful mode of melanoma treatment is surgery, as the benefits of adjuvant and palliative systemic chemotherapy have not been unequivocally established. Therapeutic regimens based on dacarbazine are the most commonly applied strategies for the treatment of disseminated melanoma; however, only a minority of patients obtain long-lasting response rates. Various response rates have been reported for polychemotherapy treatment protocols. unfortunately, melanoma has a very high resistance to cytostatic drugs (1, 2) . data from in vitro studies suggest the presence of intrinsic biological mechanisms conferring this high drug resistance (3) . High risk patients are also treated with interferon · as adjuvant therapy. However, this type of treatment has low levels of efficacy, high toxicity levels and high treatment cost. at present, patients with metastatic melanoma have a median survival of 6-10 months, and stage iV patients have a five-year survival rate of less than 5% (4) . consequently, future studies on melanoma must focus on two areas of research: the establishment of a system for the early detection of melanoma, and the investigation of the resistance of melanoma cells to cytostatic drugs.
Multidrug resistance (Mdr) is a complex event regulated by several possibly unrelated mechanisms, including the expression of aBc-transporters, apoptosis dysregulation and dna repair. in the case of metastatic melanoma, cells do not respond to applied therapy due to mutation resulting in a loss of apaf 1 expression, which is a cofactor in the apoptosome complex (5) .
due to the complexity of Mdr, current strategies aim to identify drugs active against cells resistant to classic chemotherapy. a promising group of compounds are those capable of inducing apoptosis, among them betulinic acid. Betulinic acid has attracted considerable attention due to its confirmed cytotoxicity toward cancer cells. The first study regarding betulinic acid activity against cancer cells was published in 1995, with the focus on melanoma (6) . notably, betulinic
Betulinic acid exhibits stronger cytotoxic activity on the normal melanocyte NHEM-neo cell line than on drug-resistant and drug-sensitive MeWo melanoma cell lines acid had almost no activity against keratinocytes and skin fibroblasts (7) . The activity of betulinic acid against drugsensitive compared to drug-resistant melanoma cell lines has not previously been investigated in detail. Besides clarifying the activity of this compound, such a comparison allows for indirect speculation on its mechanisms of action. a lack of difference in activity against drug-sensitive and drug-insensitive cell lines would suggest a differential mechanism of action, while a difference in activity would suggest an overlapping or similar mechanism. in this study, we compared the activity of betulinic acid in a drug-sensitive (MeWo) cell line and in several drugresistant (MeWo eTo, MeWo Vin, MeWo FoTe and MeWo ciS) melanoma cell lines, as well as in healthy melanocytes (nHeM-neo cell line).
Materials and methods
Betulinic acid. Betulinic acid was synthesized from betulin in two steps as previously described (8) . The structure of the compound was confirmed using 1 H nMr spectroscopy and compared with previously published data (8) .
Cell lines. The characteristics and culture of the human melanoma cell line MeWo and its drug-resistant variants (established by our laboratory) MeWo eTo, MeWo Vin, MeWo FoTe and MeWo ciS were previously described (Table i) . The human melanocyte cell line nHeM-neo cc-2504 (cambrex Bio Science Verviers, germany) was used as the control.
Cell culture. Human melanoma cells were grown in leibovitz l-15 medium (Biowhittaker, Walkersville, Md) supplemented with 10% fetal calf serum (gibco/Brl, grand island, ny), 1 mM l-glutamine, 6.25 mg/l fetuin, 80 ie/l insulin, 2.5 mg/ ml transferrin, 0.5 g/l glucose, 1.1 g/l naHco 3 , 1% minimal essential vitamins and 20,000 kIE/l trasylol in a humidified atmosphere of 5% co 2 at 37˚C. NHEM-neo melanocytes were grown using the clonetics MgM-4™ BulletKit cc-3249 (cambrex) with supplements as recommended by the manufacturer.
Cell proliferation assay. chemoresistance was tested using a sulphorhodamine B (SRB) proliferation assay. Briefly, 800 cells per well were seeded in 96-well plates in triplicate. after 24 h of cell attachment, betulinic acid was added in a dilution series with a 5-day incubation prior to SrB staining. incubation was terminated by replacing the medium with 10% trichloroacetic acid followed by incubation at 4˚C for 1 . Subsequently, the plates were washed five times with water and stained by adding 100 µl of 0.4% SrB (Sigma, St. louis, Mo, uSa) in 1% acetic acid for 10 min at room temperature. Unbound dye was eliminated by washing the plates five times with 1% acetic acid. after air-drying and re-solubilization of the protein-bound dye in 10 mM Tris-Hcl (pH 8.0), absorbance was read at 562 nm using an eliSa reader (el 340 Microplate Bio Kinetics reader, Bio-Tek instruments, Winooski, VT, uSa). Measurements were carried out in triplicate in three independent experiments. ic 50 values were calculated from three independent experiments for each cell line as previously described (9).
Immunocytochemistry. The nHeM-neo cells as well as the MeWo cell line and its drug-resistant derivates were incubated for 72 h with 10 µM of betulinic acid. control cells of each type were grown without the compound. For the detection of caspase 3 and Ki67 proteins by immunocytochemistry, cells were seeded on slides, fixed for 10 min in a methanol:acetone (1:1) mixture at -20˚C and air-dried. Afterward, the slides were incubated for 5 min in 3% H 2 o 2 to block endogenous peroxidase. immunocytochemical reactions were conducted using the following antibodies: mouse mab aM1.31-11 (oncogene, San diego, ca, uSa) directed against caspase 3 [dilution 1:250 in antibody diluent, Background reducing (dakocytomation, glostrup, denmark) for 1 h at room temperature] and mouse mab MiB-1 (dakocytomation) directed against Ki67 (dilution 1:100 in antibody diluent, Background reducing for 1 h at room temperature). each reaction was accompanied by a negative control (Primary Mouse negative control; dakocytomation). The antigens were visualized using biotinylated antibodies (15 min at room temperature), the streptavidin-peroxidase complex (15 min at room temperature), lSaB+, HrP (dakocytomation) and novared (Vector laboratories, uK) (10 min at room temperature). Preparations were counterstained with Mayer's hematoxylin (dakocytomation), dehydrated and mounted.
Evaluation of reaction intensity. in the immunostained cancer cell lines, specific staining reactions were localized by two experienced histologists. immunostaining reactions were evaluated using a simplified scale in which a score was assigned according to the intensity of the reaction (0, total absence of staining; 1, <10% positive cells; 2, 10-30% positive cells; 3, >30% positive cells) as described previously (10) (11) (12) .
Cell cycle analysis. cells were incubated with betulinic acid in 3.5-cm dishes. after the incubation period, cells were treated with trypsin (Biochorom ag, Berlin, germany), washed with PBS at 5˚C and centrifuged (5415C, Eppendorf, 3000 rpm), and the cell pellet was treated with 1 ml of 70% ethanol (J.T. Baker, griesheim, germany). Prior to measurement, cells were again centrifuged and incubated with a 1-ml solution of 0.1% Triton x-100 (Sigma, Steinheim, germany), 0.5% BSa (Fraction V) (Serva, Heidelberg, germany) and 5 µg/ml rnase, dnase-free (roche, Mannheim, germany) in ultrapure water for 1 h at 37˚C. After centrifugation, 0.5 ml of a solution containing 0.1% Triton x-100, 0.5% BSa (Fraction V) and 5 µg/ml of a fluorescent dye (propidium iodide; Sigma) in ultrapure water 
Results

Influence of betulinic acid on melanoma MeWo cell lines and the melanocyte NHEM-neo cell line.
We first investigated the cytotoxicity of betulinic acid on the parental MeWo cell line and its drug-resistant derivates. ic 50 values for all of the tested cell lines were in the range of 8-9 µM, with a slightly lower value for the MeWo ciS derivative (11.9 µM) (Fig. 1) . of note, the normal melanocyte cell line nHeM-neo exhibited the strongest inhibition of proliferation as compared to the other cell lines tested (ic 50 4.6 µM). analysis using the anoVa rank test of Kruskal-Wallis indicated that proliferation in nHeM-neo cells with betulinic acid was ~2-fold more strongly inhibited compared to the parental MeWo cell line (Fig. 2a) and to the mean ic 50 of all of the melanoma cell lines tested (drug-sensitive and drug-resistant) (Fig. 2B) .
Influence of betulinic acid on the expression of caspase 3 and the Ki67 proliferation index. In order to examine the influence of betulinic acid on the expression of the apoptotic protein caspase 3 and the Ki67 proliferation index, immunohistochemical staining was carried out in all the cell lines. The caspase pathway is the major pathway leading cells into apoptosis, and caspase 3 is an executor of cell death that is activated when apoptosis is induced. Therefore, the activation of caspase 3 is a reliable indicator of cell death by apoptosis. in the present study, we noted a positive caspase 3 reaction localized in the cytoplasm and the nucleus (Fig. 3a1 and a2 for MeWo cells and Fig. 3B1 and B2 for nHeM-neo cells). among the nHeM-neo, MeWo and MeWo Vin cell lines, the most significant increase in caspase 3 expression was observed in the controls, while the MeWo FoTe and MeWo eTo cell lines were in the middle range and the MeWo ciS line exhibited the weakest increase. The Ki67 proliferation index is an important prognostic factor in several types of cancer. Ki67 protein is expressed in all phases of the cell cycle except the g0 phase, and serves as a good marker of proliferation. Here, the results were positive for Ki67 staining in the nucleus (Fig. 3a3 and a4 for MeWo cells and Fig. 3B3 and B4 for nHeM-neo cells) . all the tested cell lines demonstrated a similar amount of decrease in Ki67 expression.
In short, 72 h of incubation with betulinic acid significantly decreased the expression level of Ki67 (Table ii) and increased the expression level of caspase 3 (Table iii) .
Influence of betulinic acid on the cell cycle in the parental melanoma MeWo and melanocyte NHEM-neo cell lines.
Since betulinic acid induces different biological effects in different cell types, we investigated whether it affected apoptosis by inducing cell death and cell cycle arrest in the parental MeWo cell line and the nHeM-neo cell line. cells were treated with 0, 1, 10 and 20 µM of betulinic acid for 24 h. cell cycle distribution analysis by measuring the dna content of cells showed no influence of betulinic acid after a 24-h incubation at any tested concentration in the parental MeWo cell line (anoVa rank test of Kruskal-Wallis, P>0.05) (Table iV) , while a significant increase in the pre-G1 phase and a decrease in the S and g2 phases was noted in the nHeM-neo cells (anoVa rank test of Kruskal-Wallis, P<0.05) ( Table V) . The observed generation of the pre-g1 population of cells was apparently due to the dna fragmentation of dead cells induced by betulinic acid, indicating that apoptosis might have occurred.
To confirm the apoptosis observed upon immunohistochemical staining in the parental MeWo cell line, cells were incubated for 72 h with 0, 1, 10 and 20 µM of betulinic acid. A significant increase in cells in the pre-G1 phase and a decrease in cells in the S phase was observed (anoVa rank test of Kruskal-Wallis, P<0.05) (Table IV) . This confirmed that the cell death induced by betulinic acid was indeed due to apoptosis. Discussion low-molecular-weight molecules have recently attracted considerable interest due to their activity against different types of tumors. This action is often due to the induction of cell death by apoptosis. However, the precise mechanisms of action are very often unidentified or an object of dispute. Table ii . Ki67 expression in the cell lines without (control) and with pre-treatment with betulinic acid (10 µM) . Table iii . caspase 3 expression in the cell lines without (control) and with pre-treatment with betulinic acid (10 µM). 0  3  MeWo  0  3  MeWo eTo  0  2  MeWo Vin  0  3  MeWo FoTe  0  2  MeWo ciS  0  1 among the compounds with anticancer activity are natural derivatives. These appear to be a promising tool in the treatment of various types of cancer, and several are being used in clinical trials. Betulinic acid, isolated from birch bark, is an example of a compound widely recognized as possessing these properties (13) (14) (15) (16) (17) . in this study, we investigated the ability of betulinic acid to inhibit cell proliferation in the parental melanoma MeWo cell line and its drug-resistant sublines MeWo eTo, MeWo Vin, MeWo FoTe and MeWo ciS, as well as in the human melanocyte nHeM-neo cell line, used as the control. in light of previous studies (7), the choice of cell lines was based on the potential effect of the administration of betulinic acid. The skin and digestion system appeared to be the most reasonable choices. The high resistance to chemotherapy of these cancer types encouraged us to investigate whether betulinic acid exhibited the same effect on drug-resistant and drug-sensitive cell lines. To date, there are few reports describing similar types of investigations. Fernandes et al (18) described the inhibition of growth and induction of apoptosis in a drug-sensitive and in a vincristine (lucena 1) drug-resistant K562 (erythroleukemia) cell line. Jung et al (19) described the cytotoxicity of betulinic acid against both parental and drug-resistant (5-fluorouracil and oxaliplatin) colon cancer Snu-c5 cell lines. cytotoxicity was not observed in cells resistant to irinotecan. However, the researchers in this study focused on the sensitization of the cell lines to betulinic acid, and did not provide specific data on the effect of betulinic acid on these cell lines. additionally, Fulda and debatin (20) and Sawada et al (21) described the sensitization of multiple cell lines to cytostatics, but did not provide any data regarding drug-resistant cell lines. notably, our results show that betulinic acid inhibited proliferation at the same level in the parental MeWo cell line and its drug-resistant sublines (MeWo eTo, MeWo Vin, MeWo FoTe and MeWo ciS), a level similar to that reported for several cancer cell lines in previous studies. Both the SrB proliferation assay and immunocytochemical analysis of Ki67 expression confirmed similar cytotoxicity of betulinic acid on the tested melanoma cell lines. increased expression of caspase 3 in betulinic acidtreated melanoma cells suggests that cell death occurred via the apoptotic pathway.
We also investigated whether normal cells from which melanoma originates are susceptible to betulinic acid. notably, we found that betulinic acid most strongly inhibited proliferation in the healthy human melanocyte nHeM-neo cell line. To the best of our knowledge, this is the first study to demonstrate that cancer cell lines are less sensitive to betulinic acid than normal cell lines. in an earlier study, Zuco et al described the effect of betulinic acid on melanoma, ovarian carcinoma, non-small cell lung carcinoma, cervical carcinoma and small cell lung carcinoma (parental and resistant to doxorubicin) cell lines, as well as on normal cell lines, namely dermal fibroblasts and peripheral blood lymphoblasts. The authors observed that betulinic acid exhibited much more activity against cancer cell lines than normal cell lines (7) . In the present study, flow cytometric analysis suggested that the healthy human melanocyte nHeM-neo cell line underwent apoptosis after 24 h, while the parental melanoma MeWo cell line exhibited an increase in the pre-g1 population after 72 h. our results suggest that betulinic acid can be considered a candidate for anticancer therapy. In light of our findings, the side effects of such therapy may involve an increase in normal melanocyte apoptosis, resulting in permanent or temporary albinism. However, considering that currently used cytostatic drugs with anticancer properties also have a strong effect on all proliferating cells, this observation should have a marginal effect on total therapy. additionally, the strong activity of betulinic acid against both melanoma and melanocyte cells observed in the present study warrants further investigation for its potential application in the cosmetics industry, where it may be found to have an effect on skin hyperpigmentation or melanosis, common cosmetic defects. 
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